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Abstract 
 
This paper has two part: The first parts, we 
provide m+14 pivotal quantities to test the shape 
parameter of the two lifetime distributions and 
establish confidence interval of the shape parameter 
under the first failure-censored samples. Moreover, 
we also find the best test statistic based on their 
most power of test among all test statistics. In 
addition, we obtain the best pivotal quantities with 
the shortest tolerance length. 
The second part, we also discuss that the 
asymptotic behavior of the best test statistic is 
comparison with likelihood ratio test for large 
sample. 
Finally, we give two examples and the Monte 
Carlo simulation to assess the behavior (including 
higher power and more shorter length of confidence 
interval) of these pivotal quantities for testing null 
hypotheses under given significance level and 
establishing confidence interval of the shape 
parameter under the given confidence coefficient. 
 
Keywords: First failure-censored sample; Shape 
parameter; bathtub-shape; Unimodal shape; Testing 
hypotheses; Burr type XII distribution; Confidence 
interval; Monte Carlo simulation. 
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W(1)(?) ?0.3314 ,0.6071? 0.2757* 
W(2)(?) ?0.2507 , 0.7325? 0.4818 
W(3) (?) ?0.1831 , 1.1900? 1.0069 
W(4)(?) ?0.3209 , 0.7480? 0.4191 
W(5)(?) ?0.3429 , 0.6872? 0.3443 
W(6)(?) ?0.2866 , 0.9792? 0.6926 
W(7)(?) ?0.3025 , 0.6201? 0.3176 
W(8)(?) ?0.2926 , 0.8954? 0.6028 
W(9)(?) ?0.2209 , 0.8401? 0.6192 
W(10)(?) ?0.2209 , 0.8398? 0.6189 
W(11)(?) ?0.3484 , 0.6318? 0.2834 
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????? c ? α)%100(1− ???????
i=1,2,5,6,8,9,12,13,15? 
(2) ? (i)Lc ? (i)Uc ? ? ( ) n)(m,ξcξ (i)2(i) α= ?
( ) n)(m,ξcξ (i) 21(i) α−= ???????? )c,(c (i)U(i)L
????? c ? α)%100(1− ???????
i=3,4,7,10,11,14? 
(3) ? *(j)Lc ? *(j)Uc ?? ( ) j),2j)(2(mFcτ 21(j) −= −α ?
( ) j),2j)(2(mFcτ 2α(j) −= ????????
)c,(c *(j)U
*(j)
L ????? c ? α)%100(1− ???
???? j=1,…,m-1? 
????????????????????(2-6)
? (2-21) ? ? ? ? ? ? ? ? ? ? ?
0100 cc:H    vs.cc:H ≠= ????????????
???????????????? 1.4c0 = (??
??????)? 0.1c0 = (????????)??
??????? 1.0=α ????? c=0.2, 0.4, 0.6, 
0.8, 1.0, 1.2, 1.4, 1.6, 1.8, 2.0, 4.0, 6.0????? k= 
2 ????????? m=5,10, …,40 ????
n=10,20,30?????????????????
??????????????????????
???????????????????
Chen(2000)????????????????
?????? c0???? ( )cξ (1) ????????
???????? 
????????????????? c????
?? 1.4 (????????) ? 1.0(??????
?? )??????? k=2???????
m=5,10,…,40???? n=10,20,30???????
??????????? 1-?=0.9 ??????
????c?90???????????????
??????????????????????
??????????????? Chen(2000)?
??????????????????????
0???? ( )cξ (1) ???????????????
??? 
?????????????? 40 ????
? ( )cξ (1) ??????????????????
?????????????????? 40 ??
?????????????????? ( )cξ (1) ?
????????????????????
( )cξ (1) ?????? 
)222(    
d
1
Y
Y
m
1
d
1
)Xlog(1
)Xlog(1
m
1
        
d
1
)Xlog(1
)Xlog(1
m
1
(c)S
m
1
m
1i
i
m
1i
i
m
1
m
1i
c
(1)i
m
1i
c
(1)i
m
1
m
1i
c
(1)i
m
1i
c
(1)i
1
-










−



=






−



+
+
=






−



′+
′+
=
∏
∑
∏
∑
∏
∑
=
=
=
=
=
=
 
?? 1)(enY β(1)ixi −= λ ? m,1,i Κ= ? γ-ed = ?γ??
????????? 0.57722??????????
????????? 
??????? 0100 cc:H   vs.cc:H ≠= ???
? ? ? ? ( ) 0}ck,|ck,{Ω >= ? ?
( ) 0}cc0,k|ck,{ 0 >=>=ϖ ??????????
????? 
))c,kˆ2log(L())cˆ,kˆ2log(L(    
]
)cˆ,kˆL(
)c,kˆL(
2log[S
0ΩΩ
ΩΩ
0
2
ϖ
ϖ
−=
−=
      (2-23) 
?? ωkˆ ? 0)xlog(1nk
m
dk
)cdlogL(k, m
1i
c
(1)i
0 0
=+−= ∑
=
?
???
∑
=
+
= m
1i
c
(1)i )xlog(1n
mkˆ
0
ϖ  
? )cˆ,kˆ( ΩΩ ??????????
( )







=
+
+−+=
∂
∂
=++=
∂
∂
∑∑
∑
==
=
0
x1
)log(xx
1)(nklogx
c
m
c
ck,logL
0)xlog(1n
k
m
k
c)logL(k,
m
1i
c
(1)i
(1)i
c
(1)i
m
1i
(1)i
m
1i
c
(1)i
 
??????????? S2????????
?? 1??????????????α????
 9
0100 cc:H  vs.cc:H ≠= ??????: 
(1) ? ( )
d
 1
6
πz
cccS
2
2
α
01
−
>= ?
( )
d
1
6
πz
cccS
2
2
α-1
01
−
<= ???? 00 cc:H = ? 
(2) ? ( )1S  (1)S 2 2122 22 αα χχ −<> ? ????
00 cc:H = ? 
?? (2-22)? (2-23)???????????
0100 cc:H   vs.cc:H ≠= ????????????
?????????????? 
????????=0.1????? c=0.2, 0.4, 
0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8, 2.0, 4.0, 6.0????
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1.2180(10,10)ξ (1)0.95 = ? 2.6627(10,10)ξ (1)0.05 = ?
3.8124(10,10)ξ (2)0.95 = ? 6916.951(10,10)ξ (2)0.05 = ?
0.014753(10,10)ξ (3)0.95 = ? 401424.0(10,10)ξ (3)0.05 = ?
41385.0(10,10)ξ (4)0.95 = ? 47189.0(10,10)ξ (4)0.05 = ?
5352.3(10,10)ξ (5)0.95 = ? 0366.67(10,10)ξ (5)0.05 = ?
2915.1(10,10)ξ (6)0.95 = ? 9850.3(10,10)ξ (6)0.05 = ?
60838.0(10,10)ξ (7)0.95 = ? 80847.0(10,10)ξ (7)0.05 = ?
6218.1(10,10)ξ (8)0.95 = ? 3668.8(10,10)ξ (8)0.05 = ?
0859.3(10,10)ξ (9)0.95 = ? 0948.211(10,10)ξ (9)0.05 = ?
00825.0(10,10)ξ (10)0.95 = ? 32387.0(10,10)ξ (10)0.05 = ?
07362.0(10,10)ξ (11)0.95 = ? 36668.0(10,10)ξ (11)0.05 = ?
7264.2(10,10)ξ (12)0.95 = ? 5830.31(10,10)ξ (12)0.05 = ?
2643.1(10,10)ξ (13)0.95 = ? 0157.2(10,10)ξ (13)0.05 = ?
49605.0(10,10)ξ (14)0.95 = ? 79094.0(10,10)ξ (14)0.05 = ?
5628.1(10,10)ξ (15)0.95 = ? 3840.3(10,10)ξ (15)0.05 = ?
28133.0(18,2)F0.95 = ? 44022.19(18,2)F0.05 = ?
33257.0(16,4)F0.95 = ? 84412.5(16,4)F0.05 = ?
35116.0(14,6)F0.95 = ? 95593.3(14,6)F0.05 = ?
35105.0(12,8)F0.95 = ? 28394.3(12,8)F0.05 = ?
33577.0(10,10)F0.95 = ? 97824.2(10,10)F0.05 = ?
 30451.0(8,12)F0.95 = ? 84856.2(8,12)F0.05 = ?
 25278.0(6,14)F0.95 = ? 84773.2(6,14)F0.05 = ?
17111.0(4,16)F0.95 =  ? 00692.3(4,16)F0.05 = ?
05144.0(2,18)F0.95 = ? 55456.3(2,18)F0.05 = ? 
????????? (1)τ (9) ????????
??????????????????????
???????????? (c)τ 1)-(m ???????
??????????????????????
???? Burr type XII ??????? c ???
????????????????? 
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???? 
?????? 15??????? 10??????
? 1k = ????? 1.5c = ????的 Burr type 
XII??????????????????? 15
????的 Burr type XII??????????
?????????? 1k = ????? 1.5c = ??
???????????? 
0.03214,  0.12415,  0.12839,  0.13842  0.14701 
0.15675,  0.20702,  0.21303,  0.25753,  0.27820, 
0.37071,  0.42340,  0.43379,  0.48332,  0.68087 
??????????????????????
????????????????? 
1.2945(15,10)ξ (1)0.95 = ? 2.4883(15,10)ξ (1)0.05 = ?
5.4907(15,10)ξ (2)0.95 = ? 292.8835(15,10)ξ (2)0.05 = ?
0.011469(15,10)ξ (3)0.95 = ? 0.321157(15,10)ξ (3)0.05 = ?
0.14202(15,10)ξ (4)0.95 = ? 0.41987(15,10)ξ (4)0.05 = ?
4.7159(15,10)ξ (5)0.95 = ? 86.6117(15,10)ξ (5)0.05 = ?
2291.1(15,10)(6)0.95 =ξ ? 2.8826(15,10)ξ (6)0.05 = ?
0.70482(15,10)ξ (7)0.95 = ? 0.84028(15,10)ξ (7)0.05 = ?
1.4806(15,10)ξ (8)0.95 = ? 5.3686(15,10)ξ (8)0.05 = ?
4.1537(15,10)ξ (9)0.95 = ? 176.2877(15,10)ξ (9)0.05 = ?
0.00567(15,10)ξ (10)0.95 = ? 0.24069(15,10)ξ (10)0.05 = ?
0.07615(15,10)ξ (11)0.95 = ? 0.30610(15,10)ξ (11)0.05 = ?
3.2660(15,10)ξ (12)0.95 = ? 13.1361(15,10)ξ (12)0.05 = ?
1.2094(15,10)ξ (13)0.95 = ? 1.6316(15,10)ξ (13)0.05 = ?
0.62963(15,10)ξ (14)0.95 = ? 0.83261(15,10)ξ (14)0.05 = ?
1.4365(15,10)ξ (15)0.95 = ? 2.3217(15,10)ξ (15)0.05 = ?
29937.0(28,2)F0.95 = ? 46003.19(28,2)F0.05 = ?
36462.0(26,4)F0.95 = ? 76346.5(26,4)F0.05 = ?
39869.0(24,6)F0.95 = ? 84146.3(24,6)F0.05 = ?
 41727.0(22,8)F0.95 = ? 13128.3(22,8)F0.05 = ?
 42592.0(20,10)F0.95 = ? 77402.2(20,10)F0.05 = ?
42697.0(18,12)F0.95 = ? 56843.2(18,12)F0.05 = ?
42135.0(16,14)F0.95 = ? 44461.2(16,14)F0.05 = ?
 40906.0(14,16)F0.95 = ? 37332.2(14,16)F0.05 = ?
 38934.0(12,18)F0.95 = ? 34207.2(12,18)F0.05 = ?
 36049.0(10,20)F0.95 = ? 34788.2(10,20)F0.05 = ?
 31936.0(8,22)F0.95 = ? 39650.2(8,22)F0.05 = ?
 26032.0(6,24)F0.95 = ? 50819.2(6,24)F0.05 = ?
 17351.0(4,26)F0.95 = ? 74259.2(4,26)F0.05 = ?
 05139.0(2,28)F0.95 = ? 34039.3(2,28)F0.05 = ? 
???????????????????
??????????????????????
?????????????????c?90??
?????????? 
(1) 
( )
( )

=
=
  (15,10)ξcξ  :
(15,10)ξcξ  :
(i)
0.05
(i)
(i)
0.95
(i)
??
??
 
?? i=1,2,5,6,8,9,12,13,15? 
(2) 
( )
( )

=
=
  (15,10)ξcξ  :
(15,10)ξcξ  :
(i)
0.95
(i)
(i)
0.05
(i)
??
??
 
?? i=3,4,7,10,11,14? 
(3) 
( )
( )

=
=
2j,2j)-(30Fc τ:
2j,2j)-(30Fc τ:
0.05
(j)
0.95
(j)
??
??
 
?? j=1,…,14? 
 
??????????????? 90????
?????????????????????
???? 
??? ???? ????
?(1)(c) (1.1843?2.2909) *1.1065 
?(2)(c) (0.8515?2.4240) 1.5725 
?(3)(c) (0.6379?2.5300) 1.8921 
?(4)(c) (0.9646?2.4100) 1.4454 
?(5)(c) (1.1252?2.3167) 1.1915 
?(6)(c) (0.8291?2.3123) 1.4832 
?(7)(c) (1.0811?2.4350) 1.3539 
?(8)(c) (1.0375?2.7506) 1.7131 
?(9)(c) (0.7568?2.5404) 1.7836 
?(10)(c) (0.7570?2.5400) 1.7830 
?(11)(c) (1.1045?2.2325) 1.1280 
?(12)(c) (1.1044?2.2322) 1.1279 
?(13)(c) (0.9558?2.3031) 1.3473 
?(14)(c) (0.9243?2.1825) 1.2582 
?(15)(c) (1.1558?2.5352) 1.3794 
τ(1)(c) (0.8514，2.4240) 1.5726 
τ(2)(c) (1.4586，3.3199) 1.8613 
τ(3)(c) (1.2532，2.7765) 1.5233 
τ(4)(c) (1.1334，2.4983) 1.3649 
τ(5)(c) (1.0184，2.2748) 1.2564 
τ(6)(c) (0.9163，2.0999) 1.1836 
τ(7)(c) (1.0203，2.3222) 1.3019 
τ(8)(c) (0.8829，2.1241) 1.2412 
τ(9)(c) (0.9080，2.2546) 1.3466 
τ(10)(c) (0.8007，2.1618) 1.3611 
τ(11)(c) (0.9935，2.7729) 1.7794 
τ(12)(c) (0.9939，3.0985) 2.1046 
τ(13)(c) (0.6083，2.7269) 2.1186 
τ(14)(c) (0.1897，2.5482) 2.3585 
????”* ”????????????? 
 11
???????????????????
?? c???? 1.5??????? ( )cξ (1) ????
???????????????????? 
 
??????? 
 
???????????????????
??????????????????????
??????????????????????
????????????????????? 
1. ?????????????????????
?????????????????????
??????????????? ( )βW(1)
? ( )cξ (1) ????????? 
2. ?????????????????????
???????????????????
Chen(2000)????????????????
( )βδ(j) ? ( )cτ(j) ????????? j ?????



4
m ? 1
4
+

m ? 2
4
+

m ??? 
3. ??? ( )βW(1) ? ( )cξ (1) ???????????
??????????????????????
?????? ( )βW(1) ????????????
???? Chen(2000)????????????
??????????????????? F?
??? F??????????????? 
4. ?????????????????????
?????????????????????
( )βW(1) ? ( )cξ (1) ???????? ( )βT1 ? ( )cS1 ?
???????????????? 2T ? 2S ?? 
 
???????? 
 
????????????????????
??????? Burr type XII?????????
??????????????????????
??? ( )βW(1) ? ( )cξ (1) ????????????
??????????????????????
????? ( )βW(1) ? ( )cξ (1) ??????????
?????????? ( )βW(1) ? ( )cξ (1) ?????
??? ( )βT1 ? ( )cS1 ?????????????
???? 2T ? 2S ?? 
 
 
?????? 
 
???? 
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